Analysis of rainfall intensity with specific probability is very important to control the negative impact of rainfall occurrence. Rainfall intensity (I), probability (p) and return period (T) are very important variables for the discharge analysis. There are several methods to estimate rainfall intensity, such as Talbot, Sherman, and Ishiguro. The aim of this research is to develop equation model which can predict rainfall intensity with specific duration and probability. The equation model is compared with the other methods. The result of rainfall intensity model with the value of correlation >0.94 and Nash-Sutcliffe coefficient >99 is quite good enough if compared with the observation result. For specific return period, the modelling result is less accurate which is most likely caused by election of duration. Advanced research in other location indicates that short duration gives the better result for rainfall intensity modelling, which is shown by the decreasing average value of mean absolute error (MAE) from 12.963 to 8.26.
INTRODUCTION
In hydrology, a simplified mathematical representation modelling of all or part of hydrological cycle process is important. Hydrological modelling is a tool that is generally used to estimate the hydrological response of the basin due to the rainfall [MOKHTARI et al. 2016] . However, rainfall is one of the God's graces which gives many benefits but it also has the potency of disaster if the quantity and the distribution are uncontrolled. In the other side, rainfall is as a natural phenomenon that is difficult to be modified or controlled. The maximal effort which is carried out by human is to know the pattern of its availability in the space, time, and the quantity. In the design of a hydraulic structure, there is needed the accurate dimension [LIMANTARA 2009 ] regarding to the life time of plan. For the design and analysis of structure, it is needed the right analysis [WARDOYO 2009 ]. If it is related to the water structure, the analysis due to the rainfall happened or the discharge or the volume with the certain probability will become very essential for the effort of negative impact controlling due to the rainfall. The three variables of rainfall which are generally used in the analysis, prediction, and the design are the rainfall thickness (R), the rainfall duration (t), and the distribution in the space and time. Based on the main variables, it can be differentiated the other rainfall variables such as the rainfall intensity (I) and the rainfall probability or the return period of the rain-fall event (I) [ROHMAT, SOEKARNO 2006] . These variables are very important in the technical design.
Rainfall intensity is caused by the rainfall duration and frequency of the happening so the amount of it, is vary [ILHAMSYAH 2012 ]. There are several methods for determining the rainfall intensity related to the rainfall duration such as the methods of TAL-BOT [1881] , SHERMAN [1905] , ISHIGURO [1953] , and SOSRODARSONO and TAKEDA [2006] . According to the Malang Pos newspaper on 23 th May 2013, it was said that one of the villages in the Kedungkandang district (Sawojajar region) is back flooding on the depth of 30 cm. It was caused by the rainfall during 2 hours and the drainage channel was not able to store the rainfall due to the capacity was too small.
One of the handling ways to control the flooding is to build the drainage channel which can store the discharge that is caused by the rainfall. In designing the water structure at first, there is determined the design flood. The amount of design flood is determined by the rainfall intensity. The data of rainfall intensity is different for each area and it is depended on the rainfall duration and the frequency of happening. Hence, the rainfall intensity is very important because it will influence the analysis process of water structure dimension, so it is needed the accuracy and right analysis. Based on the reason as above, this research intends to study the equation or formula of the rainfall intensity modelling. The analysis result will be very helpful in the design and management of water resource in the Amprong sub-watershed mainly in the Kedungkandang District.
MATERIALS AND METHODS

STUDY LOCATION
The upstream Brantas watershed is divided into some sub-watersheds such as the upper Brantas (Batu city), the Amprong sub-watershed (Malang city and Malang regency), and the Bango sub-watershed (Malang city and Malang regency). The study location is in the Amprong watershed which is focussed in the Kedungkandang district, Malang city. Based on the data of Brantas River Area Big Institution (Brantas BBWS), Kedungkandang district has the area of 39.715 km 2 which is divided into 12 villages. Map of the study location is as in the Figure 1 . 
RAINFALL INTENSITY
Rainfall intensity is as an amount of rainfall perunit of time that is expressed in mmꞏh -1 [HADISUSAN- TO 2010] . The rainfall intensity is notified with I. Data of the rainfall intensity can be directly obtained by using the automatic rainfall measuring tool. From the automatic rainfall recorder, it can automatically obtained the rainfall time in the smaller duration, i.e. 5 min, 10 min, 30 min, etc. From the analysis through the automatic rainfall curve will be produced the best rainfall intensity because it can directly illustrate the distribution pattern of the rainfall intensity surrounding it.
SOSRODARSONO and TAKEDA [2006] described that there are varies of the rainfall intensity. It is due to the rainfall duration and the frequency on the happening of rainfall. Several methods which are generally used to analyse the rainfall intensity are as follow [SOSRODARSONO, TAKEDA 2006] :
METHOD OF OBSERVATION
The average of the rainfall intensity in t hour is expressed in the formula as follow: ( 1 ) Where: I i = rainfall intensity (mm•h -1 ); t i = rainfall duration (h); R i = maximum hourly rainfall within 24 h or a day (mm).
METHOD OF SHERMAN
The formula was presented by SHERMAN [1905] . This formula is suitable for the rainfall time period that is more than 2 h and the equation is as follow:
Where: I = rainfall intensity (mmꞏh -1 ); t = rainfall duration (h); a, b = constant, it is depended on the rainfall duration that is happened in a watershed; n = number of data (pairs of I and t data).
TALBOT'S METHOD
This formula was presented by TALBOT [1881] . It is many used because it is easily to be applied where a and b are determined by the value measured. The Talbot's method is also suitable for analysing the rainfall which is happened during 5 min until 2 h. This formula is expressed in the equation of least square as follow:
Where: I, t, a, b as below Equation (4).
ISHIGURO'S METHOD
This formula was presented by ISHIGURO [1953] as follow:
( 1 0 ) Where: I, t, a, b as below Equation (4).
OUTLIERS TEST
Outliers are the data which deviates high enough from the group trend. The existence of outliers is generally assumed to disturb the type selection of a data sample distribution, so the outliers are needed to be removed [CHOW et al. 1988; HIDAYAT 2013] . The formula which is used to determine the upper and lower limit of outliers is as follow:
( 1 2 ) ( 1 3 )
Where: y H = upper threshold value; y L = lower threshold value; ͞ y = mean value; s y = deviation standard of log to sample; K n = a value which is depended on the number of data sample (there is an outliers table); n = number of data.
STEPS OF MODELLING
The analysis is carried out based on the data that have been classified based on the duration. The steps of analysis for obtaining the model are as follow: 1. Data with the outliers behaviour is removed from the analysis. 2. t-test is carried out for knowing that the sample is come from the same population. 3. The data normality test is carried out for knowing the data is normal distributed or not. If the data is not normally distributed, it will be carried out the semi-log transformation. In this case, there is carried out the logarithmic transformation. 4. Data descending. On every group of rainfall duration, the rainfall intensity is to be descended from the highest intensity to the lowest one. 5. To analyse the probability of each data by using the formula of Weibull as follow [SOEMARTO 1987 ]:
100%
( 1 4 ) Where: p = probability (%); m = number of discharge data; n = the amount of data. 6. To formulate the relation between the rainfall probability with the rainfall intensity for each group of the rainfall duration, so there is obtained the formula of I t = f(p). 7. To analyse the projection value of the rainfall intensity for the certain probability. In this case is to be analysed for p = 5 until 95% with the interval of 5% so it is obtained the projection value of the rainfall intensity based on the interval of rainfall probability on each group of t. 8. To formulate the linear equation between the rainfall intensity as the function of t for every interval of the rainfall probability. To obtain the good relation pattern, it is transformed into Iꞏt ) and then to simplify it and it will be obtained I tp . 12. To carry out the data verification test through two ways such as: 1) to compare the rainfall intensity as the model result with the empirical one, I e is as the basic data; and 2) to compare the rainfall intensity as the model result with the analysis due to the other methods (Talbot, Sherman, and Ishiguro) and the observed model as the equation (1).
RESULTS AND DISCUSSION
Based on the recorded rainfall data during 5 years in the rainfall stations of Kedungkandang, there are obtained 3,567 rainfall events. The data consist of 2 variables such as the rainfall depth (R) and the rainfall duration (t). The rainfall intensity is classified based on the duration of 1 h, 2 h, 3 h, 4 h, and 5 h. Data of the rainfall intensity are classified as follow: 2,015 data of 1 hour duration; 772 data of 2 h duration; 411 data of 3 h duration; 260 data of 4 h duration, and 109 data of 5 h duration. For example the analysis of 5 h duration rainfall intensity is as follow:
. , 20.34 mm•h -1
Where: I i = rainfall intensity; R i = rainfall (mm), t i = duration of a rainfall event (h).
Then, there is analysed the probability based on the Weibull formula:
Where: p = probability of rainfall (%); m = rank number of rainfall intensity that has been descended; n = number of data.
For the other data are presented as in the Table 1 . Based on the results in Table 4 about the value of asymptotic significance (asymp. sig.) on the SPSS (Statistical Package for the Social Sciences) 16.0 is 0.031 (<16.00), it can be concluded that the data have not been normal. For solving the problem, it has to use the data transformation. Table 5 presents the normality test after data transformation. 
FORMULATION OF THE RAINFALL INTENSITY AS THE FUNCTION OF PROBABILITY
Based on the data analysis of basic rainfall intensity on each duration, it can be analysed the relation pattern between the log I and the rainfall probability on each group of the rainfall duration (t) and then it can be found the linear equation. The linear equation is in the form of log(I) = A + Bx, where I is rainfall intensity, x is probability (p), and it is obtained the linear equation (for example for I 5 h ) as follow: t = 5 h y = log I; log I = -0.0158x + 1.3767 I 5 h =10 y ; I 5 h = 10 -0.0158p+1.3767
The results for kinds of intensity can be seen as in the Table 6 . Source: own study.
FORMULATION OF RAINFALL INTENSITY AS THE FUNCTION OF RAINFALL DURATION AND PROBABILITY
From the analysis on each of intensity duration, the probability is distributed between 5% until 95%. For example, the analysis of the rainfall intensity for the rainfall probability function due to the duration of 5 h for the linear method is as follow: t = 5 h y = log I; log I = -0.0158x + 1.3767 I 5 h = 10 Table 7 . Projection of the rainfall intensity based on the p = 5% until 95% with the interval of 5% on the rainfall duration group (t, h) Explanations: p = T r -1 ꞏ 100% where T r = return period (year). For example: for the return period T r = 2 years, then the interpretation of probability (p) = 2 -1 ꞏ 100% = 50%. Source: own study.
Based on the analysis result as the example above, it is obtained the rainfall intensity as the function of rainfall probability for all kinds of duration and the results are presented as in the Table 7 .
The values of I p on the same probability are plotted on the y-coordinate and Iꞏt -1 is plotted on the x-coordinate. Regarding to the number of p interval, there are 19 linear equations which is formed. The linear equations have the basic equation as I = A + Bꞏt -1 . Based on the linear equation of I p = f(t -1 ), due to the regression analysis, it is obtained the coefficient value of A and B with the probability from 5% until 95%. Figure 2 presents the example of the equation
) for the probability of 50%. For the other equation is presented as in the Table 8 . 
THE COMPARISON BETWEEN MODELLING RESULT EQUATION AND THE OTHER METHODS
The data of intensity which are used for comparing the intensity modelling result equation, observed intensity, and the other methods: Talbot's, Sherman's, and Ishiguro's methods are presented as in the Table 9 . Explanations: I = observed intensity from Table 7 for the probability of 50%. Source: own study.
The data in the Table 9 and 10 is used for calculating by using the methods of Talbot, Sherman and Ishiguro. The analysis for each method for the return period of 2 years is as follow.
 Talbot's method
Analysis of rainfall intensity by using Talbot's method with the return period (T r ) of 2 years and the probability (p) of 50% is based on the Table 10 .
Analysis result of rainfall intensity by using the Talbot's method for the return period of 2 years is presented as in the Table 11 .
 Sherman's method
Analysis of rainfall intensity by using Sherman's method with the return period (T r ) of 2 years and the probability (p) of 50% is based on the Table 10 . a = 2.85, n = -0.235
By substituting the value of a and b into the formula of Sherman, the intensity due to the Sherman's method is as follow:
Analysis result of rainfall intensity by using Talbot method for the return period of 2 years is presented as in the Table 11 .
 Ishiguro's method
Analysis of rainfall intensity by using Ishiguros' method with the return period (T r ) of 2 years and the probability (p) of 50% is based on the Table 10 . a = -6.106, b = -3.413
By substituting the value of a and b into the formula of Ishiguro, the intensity due to the Ishiguro's method is as follow:
. . Analysis result of rainfall intensity by using Talbot's method for the return period of 2 years is presented as in the Table 11 .
Analysis of intensity for each method with the other return periods is carried out with the same way. Then, the result of modelling equation is compared with the other methods result. The other methods are Sherman's, Talbot's, and Ishiguro's methods. Figure  4 present the comparison curves between modelling equation result, observed model, and the Sherman's, Talbot's, and Ishiguro's methods. The result of rainfall intensity for each method, observed and model is presented as in the Table 11 . Source: own study. Source: own study. Fig. 4 . The comparison of rainfall intensity result with the return period (T r ) of 2 years; source: own study
ANALYSIS OF CORRELATION
Analysis of correlation is as the association degree in regression analysis [SOEWARNO 1995] . The value of correlation coefficient is in the range of -1.0 ≤ r ≤ 1.0. For example: correlation coefficient of the modelling equation for the return period of 2 years by using Talbot method as in the Table 12 . However, the correlation coefficient for each method with the return period of 2 years is presented as in the Table 13 . Explanation: x = intensity by using Talbot method; y = observed rainfall intensity. Source: own study.
The correlation coefficient is completely presented as in the Table 13 . The results indicate that the rainfall intensity modelling is close to the observation result. The conclusion is based on the coefficient of Nash-Sutcliffe [NANDAKUMAR, MEIN 1997; RITTER, CARPENA 2013] as presented in the Table 14 . However, when it is applied with the certain return period and compared with the method of Talbot, the result of intensity rainfall modelling is close to the observation result. It is shown by the value of mean absolute error (MAE) as presented in the Table 15 . It is allegedly due to the selection of duration classification is less small or it is extrapolated. Based on the result as above, it is shown that the correlation coefficients for the return periods (T r ) of 2 years are high enough for all analysed models. The highest correlation to the observed intensity is the model (intensity modelling) with the correlation coefficient is 0.91. However, the values of MAE as presented in the Table 15 shows that there are relatively low values of the error for all analysed models with the return period of 2 years. The lowest MAE is the Sherman with the value of 0.019.
In this research, there are selected the duration of 1 h, 2 h, 3 h, 4 h, and 5 h. It is due to the data availability in the Kedungkandang rainfall stations are as hourly data. To evaluate the truth of conjecture, it is carried out to compare it with the other region by selecting the duration with smaller interval, for example 15 min. Global modelling result in the other area (Mojokerto) has almost the same value with observed intensity in the field. Research in the Kedungkandang is not too good when it is compared with the other methods. It is due to the selection of duration interval is too big and it can be answered by carrying out the research in the new location (Mojokerto) with the duration of 0.25 h; 0.5 h; 1 h; 2 h; and 4 h. Result by classifying the duration of 1 h, 2 h, 3 h, 4 h, and 5 h is good in the Kedungkandang and Mojokerto. However, the result is not too good if it is compared with the other methods with the certain return period. This uncertainty parameter has to be attended and depth considered in the hydrological modelling [HOYBYE, ROSBJERG 1999] . However, if it is carried out by using the duration of 0.25 h, 0.5 h, 1 h, 2 h, and 4 h, it gives the better result which is shown by the decreasing of the mean absolute error (MAE). It indicates that the duration with small interval will produce the equation that is closer to the observation result. Table 16 presents the recommendation of using the rainfall intensity modelling based on the result comparison between the observation and the rainfall intensity modelling. , where I t,p is the rainfall intensity (mmꞏh -1 ); t is the rainfall duration (h); and p is the rainfall probability (%). The prediction of the rainfall intensity (I t,p ) on any duration (t, h) and any rainfall probability (p, %) can be carried out by using the equation.
2. The comparison result of the rainfall intensity between the modelling equation result and the observation result shows the good result. It is shown by the Nash-Sutcliffe coefficient is >75. The comparison result of the rainfall intensity with the return period of 2 years among the methods of Talbot, Sherman, and Ishiguro in the study location, is obtained not too good result. It is due to the selection of the duration classification. However, the Sherman and the modelling equation set apart the other ones. The correlation coefficients are higher and the error is lower (as seen in the Table 17 and 19). Particularly correlation for the Talbot method is very low.
For answering the conjecture, it has been carried out the research in the other region (Mojokerto) with the same method and procedure and the additional treatment by decreasing the duration interval such as 0.25 h, 0.5 h, 1 h, 2 h, and 4 h.
